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Suppl. Fig. 1. Two-step RT-PCR strategy enables specificity and even read distribution. A. The RT primer
mix contains two N-gene specific 12-mers (actual sequences shown) in addition to random hexamers. B.
Scheme of the RT priming sites relative to the specific PCR primers. For SARS-CoV-2 the 12-mers generate a
cDNA into which the PCR primers are nested. C. Total reads per sample across a set of 192 samples that
contain several negative samples as well as positive samples with titers spanning 4 orders of magnitude. Our
2-step RT-PCR strategy followed by end-point PCR lead to a very even distribution of NGS reads per sample
independent of viral titer, ensuring equal representation on the sequencing flow cell. D. Amplicon counts
measured by NGS after RT and PCR using different conditions, as indicated, on gargle samples from a healthy
individual mixed 1:1 with QuickExtract and spiked with a serial dilution of synthetic SARS-CoV-2 RNA (5000,
500, 50, 5, 0 copies). E. Quantitative RT-PCR analysis (based on fluorescent DNA dye, Promega) on positive
and negative gargle samples, for which the RT reaction was conducted for 15 min at 55°C either in a PCR block
or a humid incubator. All data points are shown, n=3 for positive samples, n=2 for negative samples.
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Suppl. Fig. 2. Choice of SARS-CoV-2 specific primers. A. gPCR using a fluorescent DNA dye (Promega) on
samples generated by mixing gargle from a healthy individual or water, with 1000 copies of synthetic SARS-
CoV-2 RNA. Primers used were based on previous publications®*, but were extended at the 5 by the
sequences required for NGS, namely i5/i7, a random stagger, and a barcode. Several primer pairs showed a
good template dependent generation of double stranded DNA. Mean and standard deviation are shown, n=3.
B. Number of specific and non-specific reads obtained by SARSeq using seven different primer pairs directed
at distinct regions of the SARS-CoV-2 genome (N1, N2, N3 and S2 from the CDC; E from Sarbeco; N from
China and HKU). Primers were tested on synthetic SARS-CoV-2 RNA diluted in gargle from a healthy individual
or in water. All primer pairs, except for HKU efficiently amplified viral products. Asterisk denotes evident
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contamination with an E gene amplicon used in other testing efforts.
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Suppl. Fig. 3. A control primer pair targeting 18S rRNA improves assay performance compared to the
widely used RPP30 primers. A. Percentage of specific and non-specific NGS reads obtained with the SARS-
CoV-2 N gene-specific primer pair N1 or the human RNAse P (RPP30)-specific primer pair designed by the
CDC?%*. RT-PCR was performed on inactivated gargle-QE samples spiked with a range of 5120 to 5 molecules
of synthetic template in a two-fold dilution series, as well as 0 molecules. Non-specific amplicons are defined as



amplicons generated by the respective matched primer pairs but with incorrect sequence in between. This
experiment was performed in a first-generation buffer system that was further modified in subsequent
experiments. B. Analysis of all amplicons generated in the pool of conditions shown in A. Non-specific amplicons
typically incorporated a short stretch of sequence complementary to some primer sequences and were almost
exclusively generated by at least one RPP30-specific primer. Specific amplicons add up to <1% of reads in this
condition. C. qPCR analysis (using a fluorescent DNA dye Promega) of RPP30 primers and two alternative
internal control primer pairs in the presence and absence of reverse transcriptase on RNA purified from gargle
of 16 individuals. Ct values are transformed to relative differences. D. Read distribution from an NGS experiment
similar to A, but with the ribosome amplicon as internal control in comparison to RNAseP, and in the final buffer
conditions used for the rest of the experiments (and described in the methods). RT-PCR was performed on
inactivated gargle-QE samples with or without synthetic SARS-CoV-2 RNA. Although RPP30 primers performed
well in the presence of synthetic viral RNA, they again did not produce specific reads on gargle alone and
therefore do not provide a good measure for sample quality under our assay conditions. E. Scheme of the RT
control (RTC) spike-in; an amplicon with identical primer binding sites to the ribosomal internal control yet
different and longer intermediate sequence was synthesized, cloned, and T7 transcribed. The RTC was added
during the RT at 1000 molecules/reaction. The ratio of ribosomal to RTC reads serves as a sample quality
measurement. Reactions without reads for the ribosome or the RTC amplicons indicate an inhibited/failed RT-
PCR reaction. F. Read distribution from an NGS experiment containing three primer pairs (N1, N3 and rRNA as
internal control) and with addition of the RTC spike-in. The large fraction of specific reads enables high sensitivity
and scalability.
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Suppl. Fig. 4. Internal control primers and validation of the amplicon-specific primer pairs containing 96
unique dual indices. A. NGS reads obtained from 2 different sample plates. The plate containing gargle
inactivated in QuickExtract generated a good number of reads for almost all samples with few reads in the first
four negative control wells (some reads are likely due to rRNA contamination in the enzyme preps), where
instead high read counts for the RTC are observed. The other plate contained purified RNA from samples
obtained in a clinical setting and was run in duplicates (both are shown). For this plate, frequently both the rRNA
and RTC reads failed in certain positions. Given that in absence of RNA the RTC amplicon is expected to amplify
very efficiently, we attribute this to the presence of some inhibitor of RT and/or PCR, likely remaining from the
RNA purification in these positions. Negative control wells for the latter two plates are positions G12 and H12.
B. Testing of primer pairs for three amplicons (SARS-CoV-2 N1 and N3, and human ribosome) carrying
extensions with 110 unique dual indices. Primer pairs with indices #29 were excluded as they did not efficiently
produce the ribosome amplicon; primer pairs with indices #74 were excluded as they did not efficiently produce
the N3 amplicon. Primer pairs 1-4 can be used efficiently but were not included in the final set because these
indices were frequently used in the lab during initial setup of the method and we wanted to eliminate all possible
sources of cross contamination.
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Suppl. Fig. 5. Effect of different measures to suppress sample-index mis-assignments. A. SARS-CoV-2
synthetic RNA was added to positions B8 and F2 only. Assigning sample identities based on single indices or
combinatorial indices produces a substantial amount of misassignments. These can be reduced with three
independent measures: addition of a competitive spike-in and treatment with Exostar to remove any left-over
primers after PCR1, and limiting the number of cycles in PCR2 to prevent recombination between amplicons
and their indices. Whereas all these measures help reduce misassignments, adding dual redundant indices (or
unique dual indices) completely suppresses this. B. Shown are N1 and N3 reads for two negative control plates
(-RT and H20) that were run together with numerous other positive plates in the same run (shown in Fig. 3A, C,
E). The fact that we detect 0 reads shows that there is no misassignment of well identities across plates either.
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Suppl. Fig. 6. Raw data for limit of detection experiments presented in Fig. 3B. A. Read count table
obtained in absence of N1- and N3- control-spike-in. B. Read count table obtained in presence of N1- and N3-
control-spike-in.
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Suppl. Fig. 7. Effects of cycle number and spike-in concentration on sensitivity and quantitativeness.
SARSeq was performed in the presence of 100, 250 or 1000 molecules of each N1 and N3 spike-ins (Fig. 3A)
as well as 1000 copies of RTC (Suppl. Fig. 3C), on negative gargle samples mixed with QuickExtract and a
serial dilution of synthetic SARS-CoV-2 N gene RNA. PCR1 was run for different number of cycles before pooling
and running PCR2 for 8 cycles. Both the number of reads for the N1 amplicon, as well as the ratio between N1
and N1 spike-in reads are plotted. The data in the presence of 1000 molecules of spike-ins is also shown in Fig.
3C, D. Spike-in addition did not compromise sensitivity; cycle number on the other hand had the highest effect
on sensitivity, as expected. Addition of higher spike-in concentration had a beneficial effect on quantitativeness,
most evident when quantifying the ratio of N1/N1 spike, as proposed by the developers of Swab-seq (ref).
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Suppl. Fig. 8. Semiquantitative behaviour of SARSeq on patient samples. A, B. Correlation of read counts
of N1 (A) and N3 (B) amplicons across two independent SARSeq runs of the samples shown in Figure 5C, D.
In red are individual samples also detected in two qPCR replicates, in orange are samples detected in one out
of two qPCR replicates, and in gray those that were not detected by qPCR. C, D. Correlation between read
counts for N1 (C) and N3 (D) amplicons and Ct values obtained by diagnostic gPCR. The gPCR analysis was
performed on purified RNA, in parallel crude samples were measured in seven replicates by SARSeq, all
replicates are shown as individual circles. SARSeq is robust until ~Ct 36 and becomes probabilistic in samples
with lower viral titers.



gapdh rRNA N1 InfA#1  InfA#2 Inf B HRV#1 HRV#2
HEK cells 19,9 45,5
HEK + synth. SARS-CoV-2 19,9 32,0 46,3 494 45,7
HEK infected INf AWSN | 20,8 18,9 23,0 49,3 443
HEK infected INfAWy | 21,5 20,7 259 43,0 332 40,5
HEK infected Inf B/Lee | 20,2 46,5 28,9 40,8
HEK infected HRV A1a| 20,1 45,0 16,3 20,9
HEK infected HRV A1b 19,8 16,7 21,3
HEK infected HRV A2 | 19,4 48,8 46,1 71163
H,O 47,4 47,4
B Swabs in VTM + QuickExtract Swabs in VTM + QuickExtract Swabs in VTM + QuickExtract H0O
+indicated viral RNA + indicated viral RNA
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Suppl. Fig. 9. Testing primers for the detection of Influenza and human rhino virus. A. gPCR (using a
fluorescent DNA dye Promega) performed on RNA purified from HEK cells infected with Influenza-A/WSN,-
A/Wy, Influenza B/Lee, HRV A1a, A1b, or A2. Ct values are shown for respective samples. Primer selection was
based on sensitive detection of viral RNA with a low degree of unspecific amplicon generation detected in wells
where no specific RNA is expected Primer sequences see Supplemental Table 2. B. For Influenza A and
Influenza B a full set of 96 primers with well-specific indices was obtained. Clinical samples in VTM, inactivated
by heat in QuickExtract were spiked (1:100) with RNA from HEK cells as used above (S: A/IWSN; Y: A/Wy; B:
B/Lee;). SARSeq was performed with 5 multiplexed primer pairs, N1, N3, rRNA, InfA, and InfB; the two latter
and the rRNA/RTC quality score are shown. Analysis of reads allowed for separation of Inf A/AIWSN and A/Wy
based on sequence differences, we also detected Inf B with high specificity. No cross-contamination, index

hopping, or assignment ambiguity was observed.




Suppl. Table 1. Guidelines and measures to prevent contamination which could result in false
positives.

Possible source of

... Measures for minimization
contamination

Pipette samples only with filtered tips, exchange gloves after handling sample
plates/tubes

Sample. Cross Bleach pipettes, tube racks, plate holders and benches regularly
contamination

Prepare buffers, primer mixes and other reaction master mixes in a clean
space in which samples are not handled, if possible, with a separate set of
pipettes than the ones used for pipetting samples

Set up physically separated work spaces for pre- and post-amplification steps
(not adjacent benches but two different rooms)

Amplicons produced Bleach pipettes, tube racks, plate holders and benches regularly
in previous runs, while
setting up reactions Include UTP in all amplification reactions that generate the measured

amplicon, being for NGS or other reactions done in the lab. Include the UDG
treatment step before each round of amplification to remove possible
contaminants from a previous run.

Rotate the different sets of i5/i7 indices between consecutive runs. This way
the most likely contaminant (amplicon from the previous run) can be filtered
computationally.

_ If the same set of i5/i7 indices must be used, record position of highly positive
AmP/'COI"S sequenced | samples and assess whether positive positions from subsequent runs could
in previous runs be due to contamination.

Wash the sequencer with bleach solution as indicated by the manufacturer.

This is particularly important for all flow cells except HiSeq, namely MiSeq,

NextSeq500/2000, NovaSeq, iSeq, MiniSeq, where tubing is not exchanged
between independent runs.




